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Summary

Inflammatory bowel disease (IBD) is characterized by detrimental immune
reactivity in the gut, and the imbalance between proinflammatory and anti-
inflammatory reactivity. The aims of this study were to determine whether
oral administration of glabridin, a functional component of liquorice, could
ameliorate dextran sulphate sodium (DSS)-induced colitis, as well as to
understand the possible underlying mechanisms. Acute experimental colitis
was induced in BALB/c mice by treatment with 5% DSS for 7 days. Glabridin
(10 or 50 mg/kg/day) was given for 7 days. Treatment with glabridin signifi-
cantly attenuated mortality, loss of body weight, shortening of the colon and
severe clinical symptoms. This was associated with a remarkable amelioration
of the disruption of the colonic architecture, a significant reduction in colonic
myeloperoxidase (MPO) activity and the production of inflammatory media-
tors such as nitric oxide (NO), prostaglandin (PG) E2, and proinflammatory
cytokines. These results suggest that glabridin-mediated anti-inflammatory
action on colorectal sites may be a useful therapeutic approach to IBD.
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Introduction

Inflammatory bowel diseases (IBD), represented mainly
by ulcerative colitis (UC) and Crohn’s disease (CD), are
chronic, relapsing and remitting gastrointestinal diseases
characterized by chronic inflammation of the intestine [1].
UC and CD are associated with intestinal and extra-
intestinal clinical manifestations of disease, including weight
loss, diarrhoea accompanied by blood and/or mucus, fever,
gastric dysmotility and shortening of the colon [2,3]. UC is a
condition that affects primarily the superficial layer of the
colon mucosa, and histological analyses have shown ulcer-
ation of the mucosa, blunting and loss of crypts and inflam-
matory infiltrates [1]. The immune pathogenesis of IBD is
associated with increased inflammatory mediators, includ-
ing reactive oxygen species (ROS) such as nitric oxide (NO)
[4,5], prostaglandins (PG) [6,7] and inflammatory cytokines
such as tumour necrosis (TNF)-a, interferon (IFN)-g and
interleukin (IL)-6 [8–10].

Most of the current therapies for IBD involve treat-
ment with glucocorticosteroids and 5-aminosalicylic acid;
however, these display limited beneficial action [11,12].
Immunosuppressive drugs have also been used to control
severe illness, regardless of their more serious complications

and toxic side effects [13]. Although many types of treat-
ments for IBD have been proposed and conducted clinically,
additional therapeutic approaches are needed, as many
patients either do not respond to the currently available
options or demonstrate significant side effects, thereby pre-
cluding their continued use. Alternative medicine is becom-
ing an increasingly attractive approach for the treatment of
various inflammatory disorders among patients that are
unresponsive to, or unwilling to take, standard medications.
Among these alternative approaches is the use of food
derivatives, which have the advantage of being relatively
non-toxic. However, limited scientific evidence regarding the
effectiveness of these natural derivatives, in conjunction with
a lack of mechanistic understanding of their actions, has
prevented their incorporation into the mainstream of
medical care.

Glabridin is a naturally occurring substance found in
liquorice that is used as a traditional medicinal plant and a
non-sugar sweetener for humans in many countries. We have
reported recently that the ethanolic extract of liquorice
exerts potent anti-inflammatory effects on murine mac-
rophages in vitro, and inhibits the production of inflam-
matory mediators such as NO, PGE2 and inflammatory
cytokines [14]. Moreover, the ethanolic extract of liquorice
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was found to be effective at reducing the incidence of septic
shock in endotoxin-treated mice. These previous observa-
tions led us to examine the effects of glabridin on intestinal
inflammation. We were interested in whether glabridin has a
therapeutic effect in inflammatory diseases and chose the
dextran sulphate sodium (DSS)-induced mouse colitis
model as the subject for this study. This model resembles
human IBD, and is used for pharmacological analysis of
potentially effective anti-inflammatory agents [15–17].
Furthermore, the DSS model faithfully reproduces many
of the immunological disturbances observed in human
IBD [15–19].

Materials and methods

Mice and experimental protocol

Six-week-old female BALB/c mice were purchased from SLC
(Shizuoka, Japan) and maintained under specific pathogen-
free conditions at the animal facility of Hallym University
(Gangwon-do, Korea).

To induce experimental colitis, the mice were adminis-
tered 5% DSS (40 000–50 000 MW; ICN Biomedicals,
Aurora, OH, USA) dissolved in water that was filter-purified
(Millipore Corp., Bedford, MA, USA) for 7 days. The control
mice received the filtered water alone. Glabridin was dis-
solved in dimethylsulphoxide (DMSO) and freshly diluted in
phosphate-buffered saline (PBS). Glabridin (10 or 50 mg/
kg) or the vehicle (PBS with DMSO) was administrated
orally for 7 days, commencing at the same time as the start of
DSS exposure. In order to examine the therapeutic effect
of glabridin, mice were given DSS for 6 days. After 1 day
of applying DSS, glabridin (10 or 50 mg/kg) or the vehicle
(PBS with DMSO) was administered orally for 7 days. We
observed no differences in water consumption among
groups (3·5–4·0 ml/day/mouse) throughout the experimen-
tal period. The study protocol was approved by the Animal
Care and Use Committee of Hallym University.

Assessment of DSS-induced colitis

The mice were checked daily for colitis development by
monitoring body weight, gross rectal bleeding, stool consis-
tency and survival. The overall disease severity was assessed
by a clinical scoring system on a scale of 0–4 [15]. In brief,
scoring was as follows: 0, no weight loss, no occult blood in
the stools and normal stool consistency; 1, weight loss of
1–5%, no occult blood and normal stool consistency; 2,
5–10% weight loss, positive for fecal occult blood and loose
stools; 3, 10–20% weight loss, positive for fecal occult blood
and loose stools; and 4, greater than 20% weight loss, gross
rectal bleeding and diarrhoea.

Colon tissue culture

Colon tissues corresponding to the mid-colon were washed
with RPMI-1640 (Hyclone, Logan, UT, USA) medium con-

taining 2% fetal bovine serum (FBS; Hyclone) and penicillin
and streptomycin (Hyclone) before being cut into smaller
pieces. Then, approximately 0·5 cm of tissue was placed in
0·5 ml of 10% FBS containing RPMI-1460 medium in
48-well tissue culture plates and incubated for 24 h at 37°C
in 5% CO2.

Measurement of cytokines, NO and PGE2

The TNF-a and IL-6 concentrations in the cell-free culture
supernatants of the colon tissues were measured in triplicate
using a Bio-Rad Multiplex bead array instrument and cytok-
ine kits (Bio-Rad, Hercules, CA, USA) according to the
manufacturer’s protocol. The amount of nitrite and PGE2

produced was measured using the Griess reagent system
(Promega, Madison, WI, USA) and an enzyme-linked
immunosorbent assay (ELISA) kit from R&D Systems (Min-
neapolis, MN, USA) according to the manufacturer’s
instructions, respectively.

Determination of colonic myeloperoxidase (MPO)
activity in the colons

The mouse colons were rinsed with cold PBS, blotted dry
and frozen immediately in liquid nitrogen. They were then
stored at -80°C until assayed for MPO activity using the
o-dianisidine method [18]. To perform the assay the tissue
samples were thawed and weighed, and then suspended
(10% wt/vol) in 50 mM potassium phosphate buffer
(pH 6·0) containing 0·5% hexadecyltrimethylammonium
bromide and homogenized. A sample of the homogenate
(1 ml) was sonicated for 30 s, and then centrifuged at 200 g
for 10 min at 4°C. The reaction was started by mixing and
incubating the supernatant (100 ml) at 20°C for 10 min with
a solution composed of 2810 ml of 50 mM potassium phos-
phate, 30 ml of 20 mg/ml o-dianisidine dihydrochloride and
30 ml of 20 mM hydrogen peroxide. After 10 min the reac-
tion was terminated by the addition of 30 ml of 2% sodium
azide. The change in absorbance was read at 460 nm using a
SpectraMax M2 Microplate Reader (Molecular Devices,
Sunnyvale, CA, USA). MPO activity was expressed as the
amount of enzyme necessary to produce a change in absor-
bance of 1·0 unit/min/g of tissue (wet weight).

Quantitative real-time reverse
transcription–polymerase chain reaction (RT–PCR)

The total RNA from the colon homogenates was isolated with
an RNAeasy mini kit (Quiagen, Hilden, Germany).After RNA
preparation, the cDNA was transcribed using a single reverse
transcriptase synthesis step with Superscript reagents (Invit-
rogen, Carlsbad, CA, USA). Quantitative PCR was performed
with the incorporation of SYBR green into the double-
stranded PCR products. The primers used in quantitative
PCR were as follows: inducible NO synthase (iNOS), forward
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5′-TGACGGCAAACATGACTTCAG-3′ and reverse 5′-GC
CATCGGGCATCTGGTA-3′; cyclooxygenase-2 (COX-2),
forward 5′-CATCCCAGGCCGACTAAATG-3′ and reverse
5′-TTTCAGAGCATTGGCCATAGAA-3′; TNF-a, forward
5′-TACCTTGTCTACTCCCAGGTTCTCT-3′ and reverse
5′-GTGTGGGTGAGGAGCACGTA-3′; IL-6, forward 5′-
CTTCCTACCCCAATTTCCAATG-3′ and reverse 5′-ATTG
GATGGTCTTGGTCCTTAGC-3′, intercellular adhesion
molecule-1 (ICAM-1), forward 5′-CGCACAGAACTGGA
TCTCAGGC-3′ and reverse 5′-GCTTCAGAGGCAGGAAA
CAGGC-3′. The specificity of the reaction was tested via
product separation by gel electrophoresis or by melting curve
analysis when SYBR green was incorporated. The mean rela-
tive expressions of the cytokine genes were calculated, and
differences were determined using the 2-DC(t) method.

Immunohistochemical study

Colonic tissues were fixed in 4% buffered paraformaldehyde,
dehydrated through graded concentrations of ethanol,
embedded in paraffin and sectioned. The sections (5 mm
thick) were mounted on slides, cleared and hydrated; all were
treated with a buffered blocking solution [3% bovine serum
albumin (BSA)] for 15 min. Then, the sections were
co-incubated with primary antibodies for iNOS (BD Bio-
sciences PharMingen, San Diego, CA, USA) and COX-2
(BD Biosciences PharMingen) at a dilution of 1 : 500 at
room temperature for 1 h. The sections were washed with
PBS and then co-incubated with secondary antibody of per-
oxidase conjugated anti-sheep IgG (1 : 500 in PBS, v/v) at
room temperature for 1 h. Thereafter, the sections were
washed as before with 0·05 M Tris–HCl, pH 7·66, and then
co-incubated with 3,3′-diaminobenzidine solution in the
dark at room temperature for 10 min. Finally, the sections
were washed with Tris–HCl and stained with haematoxylin
according to standard protocols.

Statistical analysis

The data are presented as means � standard error of the
mean (s.e.m.) from at least three independent experiments.
The values were evaluated by one-way analysis of variance
(anova), followed by Duncan’s multiple range tests using
GraphPad Prism 4·0 software (GraphPad Software Inc., San
Diego, CA, USA). Differences were considered significant at
P < 0·05.

Results

Survival, body weight and clinical symptoms

We first observed symptomatic parameters such as the sur-
vival rate, body weight loss and disease activity index (DAI)
caused by colitis 1 and 2 weeks after starting 5% DSS oral
administration. As shown in Fig. 1a, the survival rate of
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Fig. 1. Time–course of survival rate, body weight and disease activity

of dextran sulphate sodium (DSS)-induced colitis in glabridin-treated

mice. (a) Survival rates, (b) body weight and (c) disease activity index

of glabridin-treated mice and control mice administered 5% DSS were

monitored every day. Data are the sum of results of three independent

experiments (n = 10 per group). The values of body weight are

expressed as the percentage of body weight on day 0. Each point

represents the mean � standard error of the mean. *Different from

DSS group, P < 0·05.
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the mice with colitis was enhanced in the glabridin-
administered group. DSS exposure caused a 50% death
rate at day 14. However, the survival rates of the 10 and
50 mg/kg glabridin-treated mice were 67% and 84%,
respectively. The treatments of 10 or 50 mg/kg glabridin also
reduced body weight loss in mice with colitis (Fig. 1b).
Another common feature of the DSS-induced model of
colitis is an increase in the DAI [4]. The DAI of the mice
decreased significantly following glabridin administration
(50 mg/kg) compared to the mice receiving vehicles from
days 3–14 (Fig. 1c).

Colon length and histopathological analysis

The DSS-induced model of colitis is associated with a sig-
nificant decrease in colon length [2,3], and colon length
measurement has often been used as a morphological
parameter for the degree of inflammation in DSS colitis. To
assess colon length in the present study, mice from each
group were killed at days 7 and 14. At days 7 and 14 fol-
lowing DSS treatment, we found that colon length in the
DSS-administered mice was significantly shorter than that
in the 10 or 50 mg/kg glabridin-treated mice (Fig. 2a).
Histological examination of the colonic sections assessed
the intestinal inflammatory status. Microscopically, the
samples from the DSS-induced colitic mice showed typical
inflammatory changes in colonic architecture, such as
ulceration, crypt dilation and goblet cell depletion, as well
as mixed cell infiltration composed mainly of macrophages,
lymphocytes, plasma cells and granulocytes (Fig. 2b).
Conversely, histological analysis of the colons from the

glabridin-treated mice showed greatly reduced numbers of
infiltrating cells, degree of mucosal injury and oedema
(Fig. 2b).

Production of NO, PGE2 and MPO activity
in colon tissues

In recent years, NO has been considered an important
inflammatory mediator playing a key role in the pathogen-
esis of IBD [5]. In addition, the dramatic increase in mucosal
PG synthesis during inflammation was shown to correlate
with the disease activity of human IBD and experimental
colitis [6,7]. For this reason, we evaluated the effect of gla-
bridin on colonic NO and PGE2 production in the DSS-
induced experimental colitic colon. As shown in Fig. 3a and
b, DSS administration produced increased levels of NO as
well as PGE2. However, oral administration of glabridin
reduced NO and PGE2 production in a concentration-
dependent manner at days 7 and 14.

MPO is an enzyme produced mainly by polymorpho-
nuclear leucocytes and is associated with the degree of
neutrophil infiltration in tissues. Following 7 days of DSS
treatment via drinking water, MPO activity increased mark-
edly to a level approximately four times higher than that in
the control group (Fig. 3c). This increase in MPO activity
was reduced significantly by glabridin administration at day
7, although the inhibitory effect disappeared at day 14.
Because MPO activity is considered a biochemical maker of
neutrophil infiltration [18], this result suggests that glabridin
exerts anti-inflammatory effects by reducing neutrophil
infiltration into the colonic mucosa.
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iNOS and COX-2 immunohistochemistry of colons

Next, we examined the effects of glabridin on the expressions
of iNOS and COX-2 in the colons, because iNOS and COX-2
are responsible for inducing NO and PGE2, respectively. In
the control non-colitic animals, only weak iNOS and COX-2
immunoreactivities were detectable in the enterocyte cyto-
plasm located in the apical side of the ileal villi, as shown in
Fig. 4. In animals that were selected 7 days after DSS admin-
istration, marked iNOS and COX-2 immunoreactivity was
evident throughout the gut wall in both intestinal segments,
but it was particularly noticeable in the cytoplasm of the
epithelial cells. Administration of glabridin significantly
decreased the iNOS- and COX-2-producing cells when com-
pared with the DSS-treated group.

The production of inflammatory cytokines
in colon tissues

To determine the effect of glabridin on major inflammatory
cytokine expression, colonic TNF-a and IL-6 levels were
determined (Fig. 5). After 7 days of DSS administration,
TNF-a and IL-6 increased significantly to levels of
762 � 217 and 5276 � 1011 pg/mg protein, respectively,
compared to 268 � 49 and 946 � 197 pg/mg protein in
the control group, respectively. Glabridin administration
(50 mg/kg) prevented significant increases in TNF-a and
IL-6, and at day 7 levels were 355 � 41 and 2302 �

195 pg/mg protein, respectively. Similar effects of glabridin
were shown at day 14.

mRNA expression of inflammatory mediators and
cytokines in colon tissues

To provide further insight into the molecular mechanism
underlying the suppression of colitis by glabridin, mRNA
expression levels of inflammatory cytokines, iNOS and
COX-2 in the colonic mucosa were measured by real-time
RT–PCR. As shown in Fig. 6, mRNA levels for both TNF-a
and IL-6 in the colons of DSS-treated mice were increased
significantly 7 days after beginning DSS exposure. These
increases were attenuated with glabridin administration
(50 mg/kg) by 76% and 80%, respectively. The mRNA
levels of iNOS and COX-2 in the DSS-treated mice also
increased, while the glabridin-treated mice showed a 28%
significant suppression of iNOS. On the other hand, the
COX-2 mRNA level was not reduced significantly by gla-
bridin treatment. As previous in vitro studies showed an
inhibitory effect of glabridin on ICAM-1 expression in
TNF-a-stimulated human umbilical vein endothelial cells
[20], we also measured ICAM-1 mRNA expression. Mark-
edly induced mRNA expression in the DSS-treated mice
was suppressed significantly by glabridin treatment
(Fig. 6e).
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in colon of dextran sulphate sodium (DSS)-induced colitis in
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Therapeutic effect of glabridin in DSS-induced colitis

The studies described above suggested that glabridin pre-
vents colitis induced by DSS via controlled production of
inflammatory mediators and enzymatic activities. Next, we
examined the therapeutic effects of glabridin in the DSS-
induced colitis model. In order to investigate the therapeutic
effects, glabridin treatment was started at 7 days after DSS
consumption. A summary of therapeutic effect in DSS-
induced colitis is demonstrated in Fig. 7. In these experi-
ments, untreated mice lost 20% of their original body weight
on day 9 from colitis induction (Fig. 7a). In contrast, 10 and
50 mg/kg glabridin-treated mice suffered only 10% and 5%
weight loss, respectively, in comparison to no treatment and,
by day 12, regained their original weight (Fig. 7a). In addi-
tion, significantly decreased DAI and inhibited shortened
colon length were shown in the glabridin-administered
group (Fig. 7b,c). Finally, elevated MPO activity by DSS
treatment was reduced significantly by glabridin administra-
tion at days 14 and 21 (Fig. 7d).

Discussion

Glabridin is a polyphenolic flavonoid and a main constituent
in the hydrophobic fraction of liquorice extract, and is
known to have a variety of beneficial effects, including
anti-microbial, anti-inflammatory, anti-atherosclerotic and
anti-nephritic activities [20–25]. In terms of its anti-
inflammatory effects, glabridin inhibits ICAM-1, which is
involved liquorice in interactions with b2 integrins during
inflammatory responses and inhibits PGE2 synthesis, NO
production and iNOS gene expression in lipopolysaccharide
(LPS)-stimulated macrophages [20,24,25]. In addition, in
vivo studies using a septic shock model demonstrated that
increases in plasma levels of NO and TNF-a by LPS were
down-regulated by glabridin treatment [25]. Based on these
results, and our previous study showing that the ethanolic
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Materials and methods (original magnification
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extract of liquorice has strong anti-inflammatory effects
[14], we hypothesized that glabridin has pharmacological
activity to treat inflammatory responses in IBD.

In order to investigate the effect of glabridin on colonic
inflammation, we selected a DSS-induced colitis model for
the present study. This model exhibits many symptoms
similar to those seen in human UC, such as diarrhoea,
bloody faeces, body weight loss, mucosal ulceration and

shortening of the colon [1,2,19]. In addition, the DSS-
induced colitis animal model has a number of advantages
over others, such as simple experimental methods, reproduc-
ibility of the time–course of development as well as colitis
severity among individual mice, and relative uniformity of
the induced lesions [15–19]. Therefore, this model is thought
to be reliable for studying the pathogenesis of UC and for
testing drugs or phytochemicals for treatment [1,4,15,26].

Fig. 6. Colonic mRNA expression of (a)

inducible NO synthase, (b) cyclooxygenase-2,

(c) tumour necrosis factor-a, (d) interleukin-6

and (e) intercellular adhesion molecule-1

in colon of dextran sulphate sodium

(DSS)-induced colitis in glabridin-treated mice.

Colon in DSS-administered glabridin-treated

mice and DSS-treated control mice was

prepared on day 7 after DSS exposure and

real-time reverse transcription–polymerase

chain reaction was performed as described

in Materials and methods. Values are

mean � standard error of the mean (n = 5).

*Different from DSS group, P < 0·05.
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Fig. 7. Therapeutic effect of glabridin in

dextran sulphate sodium (DSS)-induced colitis.

(a) body weight, (b) disease activity index, (c)

colon length and (d) myeloperoxidase activity

of glabridin-treated mice and control mice

administered 5% DSS. Each point represents

the mean � standard error of the mean of three

independent experiments. *Different from DSS

group, P < 0·05.
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In this study, we have shown that administration of gla-
bridin suppressed NO and PGE2 production, as well as iNOS
and COX-2 protein expression in the DSS-induced colitis
model. iNOS expression is regulated by several proinflam-
matory cytokines, and functions to generate high levels of
NO via the oxidative metabolism of l-arginine. NO activates
guanylate cyclases, enhancing cyclic GMP synthesis, and is
involved in various functions that include vasodilatation,
inhibition of platelet aggregation, skeletal muscle contractil-
ity and host defence [27–29]. In addition, NO is a highly
reactive free radical, and can react rapidly with active oxygen
species to generate peroxynitrite and cause severe detrimen-
tal effects [28]. Recent data demonstrate that local increases
in iNOS expression correlate with increased severity of IBD
[27,30]. Based on these results, the reduced iNOS expression
in the colonic tissues of glabridin-administered mice repre-
sents a possible means for decreasing the severity of IBD.

Multiple lines of evidence suggest a significant role for
PGE2 in IBD [31–33]. For example, increased levels of
PGE2 are found at sites of intestinal inflammation and
correlate with disease activity [31,32]. Non-steroidal anti-
inflammatory drugs, which are prototypic inhibitors of COX
activity and, therefore, PGE2 synthesis, can exacerbate or
trigger IBD [6,26,33]. Experimental studies have also
suggested an important role for PGE2. Both COX-1-/- and
COX-2-/- mice showed increased susceptibility to DSS-
induced colonic epithelial injury [34]. Recently, mice engi-
neered to be deficient in EP4, a receptor for PGE2, were
found to be sensitized to developing experimental colitis;
treatment with an EP4 receptor agonist ameliorated colitis in
wild-type mice [35]. In the present study, although COX-2
mRNA levels were not affected, expression of PGE2 and
COX-2 was decreased in colon tissue by glabridin
administration.

MPO is an enzyme found in neutrophils and its activity in
the colon is related linearly to neutrophil infiltration. The
assessment of MPO activity is well established for quantify-
ing intestinal inflammation [18]. In inflammatory condi-
tions such as IBD, the neutrophil levels of inflamed tissues,
and consequently the MPO enzyme, increase. The activity of
MPO, which is a major enzyme in the formation of ROS
leading to tissue damage, increased in this colitis model. As
oxidative stress is believed to play a key role in the pathogen-
esis of IBD-related intestinal damage [1–3,17,18], MPO is
involved in the pathogenesis of IBD together with enhanced
NO levels. The suppression of MPO activity by glabridin
treatment in the DSS-induced colitic colon is effective for the
inhibition of IBD progression.

Once the mucosal barrier is breached by DSS exposure,
the submucosa is exposed to a vast pool of luminal antigens,
including foods and bacteria, and innate immune responses
are engaged to produce large amounts of cytokines. Analysis
of inflammatory cytokine production by colon tissue culture
and real-time RT–PCR revealed significant elevations of
TNF-a and IL-6 in mice treated with DSS, compared to the

glabridin-administered mice. Human and animal studies
support the idea that TNF-a and IL-6 are important patho-
logical mediators of IBD [8–12]. In humans with IBD,
approximately two-thirds of patients respond to anti-TNF-a
treatments [36], and in mice intestinal inflammation can be
attenuated significantly by anti-IL-6 and/or anti-TNF-a
monoclonal antibodies [37,38]. TNF-a and IL-6 production
in the colons of DSS-exposed mice were substantially higher
at 14 days post-DSS than in the glabridin-administered
mice, which is consistent with the observed delay in recovery
from inflammation in these mice. Reduced inflammatory
cytokine expression corresponded with decreased suscepti-
bility and prompted recovery for the glabridin- administered
mice.

The exact molecular target(s) of glabridin in the DSS-
induced colitic colon is still unknown. However, LPS-
induced nuclear factor (NF)-kB/Rel DNA binding activity
and NF-kB/Rel-dependent reporter gene activity were inhib-
ited significantly by glabridin in murine macrophages, which
was mediated through the inhibition of inhibitory factor-kB
degradation and p65 nuclear translocation [25]. Moreover,
glabridin treatment of various cell lines has revealed that
the inhibitory effect of glabridin on NF-kB/Rel activation
is not cell type-specific, and both inducible and constitu-
tive NF-kB/Rel activation were suppressed by glabridin
treatment. Further study demonstrated that the TNF-a-
induced phosphorylation of Akt and extracellular signal-
regulated kinase (ERK) were blocked by glabridin treatment
in human umbilical vein endothelial cells [23]. These results
indicate that the inhibitory effect of glabridin on DSS-
induced colonic inflammation might be mediated, at least in
part, by inhibiting the Akt, ERK and NF-kB/Rel signalling
pathways.

In conclusion, this study demonstrated that the degree of
colitis caused by DSS administration is attenuated signifi-
cantly by glabridin. The anti-inflammatory effects of glabri-
din are associated with a reduction in the (i) production of
inflammatory mediators, NO, PGE2 and inflammatory
cytokines; (ii) attenuation of the recruitment of neutrophils;
and (iii) ultimate tissue injury. As a relatively non-toxic
natural product combined with excellent anti-inflammatory
activity, glabridin could be useful in controlling inflamma-
tory disorders such as IBD.
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